The pioneer studies in experimental epidemiology made with mouse typhoid at The Rockefeller Institute by Flexner (1), Amoss (2), Lynch (3) and the extensive experiments of Webster (4) and Pritchett (5) , which together with the work of Topley (6) in England initiated the new field of experimental epidemiology, have suggested studies along similar lines in the experimental epidemiology of tuberculosis. At the suggestion of Professor Eugene L. Opie, I have undertaken some preliminary experiments in artificially induced epidemics of tuberculosis in guinea pigs.
Studies with tuberculosis present numerous difficulties not encountered in a more rapidly promulgated disease such as mouse typhoid. The duration of the disease, the nature of the infection, the difficulty of spontaneous transmission from animal to animal and the chronicity of the resulting infection make experimental epidemiological studies in tuberculosis a matter of years. Greater hazards than usually occur in animal experimentation are involved in maintaining large groups of guinea pigs alive for months in the same cage.
In the course of the preceding year it was noted in this laboratory that several instances of spontaneous tuberculosis occurred in guinea pigs and rabbits which either had been injected with some innocuous material in the course of other experiments or had been caged merely in the same room with tuberculous animals. These are reported in detail later in this paper. It seemed essential to determine under experimentally controlled conditions the frequency of the occurrence of spontaneous tuberculosis and the factors in its spread. The results of these preliminary studies are presented in this paper.
Reports of spontaneous tuberculosis in mammals other than man, cattle and swine are numerous. Calmette (7) in a review of the literature of spontaneous 209 tuberculosis in mammals states that it is very rare in the horse, ass, goat, sheep, cat, rabbit, guinea pig and rat but may occur in these animals if they are exposed for long periods to tuberculous cattle or man. It is well known that tuberculosis is very frequent in captive monkeys. Both human and bovine strains have been isolated. Animals in the wild state are said never to contract tuberculosis. While examining ground squirrels captured in the wild state, for the plague, five instances of natural tuberculous infection of the bovine type were observed by McCoy and Chapin (8) .
In the Philadelphia Zoological Garden, Fox (9) found tuberculosis in nearly all the vertebrates examined. In a series of 1860 autopsies on Mammalia, 14.7 per cent died from naturally acquired tuberculosis. Of all primates autopsied, 48.5 per cent were tuberculous; of Lemures, 26.7 per cent; of Carnivora, 3.5 per cent; of the Rodentia, 2.5 per cent; of the Ungulata, 9.6 per cent; of the Proboscidea, 66 per cent (2 of 3 instances). A study of the pathological types observed reveals the frequency of the "nodular and caseous forms." No fibroid tuberculosis approaching the quiescent type as seen in man and rarely in domestic animals was encountered. Calcareous deposits were extremely rare. The most susceptible tissue of wild animals in confinement is the lung. The probable origin of the infection in all orders of the Mammalla of this series was bronchiogenic in about half of the instances and intestinal and lymphatic in the other half. 1 Rabbits and guinea pigs exposed in the same room with tuberculous animals for a longer period than 4 months, Koch (10) found not infrequently developed spontaneous tuberculosis. This significant observation made 40 years ago has not been adequately appreciated by workers in tuberculosis. The occurrence of natural infection was in direct proportion to the number of tuberculous animals present in the room. According to Koch, the type of disease in spontaneous tuberculosis in these animals is characteristic. The lungs contain large caseating areas with occasional cavitation and the hilum nodes are enormously enlarged and caseous. This striking picture in sharp contrast with the pathology of induced infections is evidence of the respiratory route of infection. Koch emphatically states that if rabbits or guinea pigs have remained 3 or more months in the same room with tuberculous animals, the experiments in which these animals are used cannot be relied upon, unless spontaneous tuberculosis can be excluded. Isolated instances of spontaneous tuberculosis in rabbits were reported by Strauss (11) and Gu6rin (12) and an epizootic of spontaneous tuberculosis of the bovine type on a rabbit farm was studied by Rothe (13) . He observed that tuberculosis was readily contracted by normal animals when directly exposed to infected cage mates. If, however, a normal animal merely occupied the cage where an infected animal had lived, it did not contract tuberculosis. He fails to describe the pathological anatomy of the disease. Within 4 years, Couland (14) observed seventeen instances of spontaneous tuberculosis in rabbits. The lesions were primarily in the lungs. One group showed large masses with caseation; another showed discrete tuberculous lesions in the lungs, kidneys and liver. Three of the four offspring of a rabbit that had been inoculated intravenously 8 days prior to parturition developed tuberculosis of the human infantile type (15) . On the basis of feeding experiments, in an attempt to determine the pathogenesis of the naturally acquired infection in these animals, Couland concluded that intestinal and mesenteric lesions developed in rabbits that had been fed massive doses of bacilli. With smaller doses, pulmonary lesions similar to those found in spontaneously infected rabbits were observed. The development of these lesions took several months. It is probable that the tubercle bacilli after ingestion penetrated past the epiglottis into the respiratory tract.
In studying the route of spontaneously acquired tuberculosis in a small series of guinea pigs exposed to phthisical patients for several days and then isolated for 30 days, Bartel and Spieler (16) examined sections of the base of the tongue, pharyngeal wall, bronchial, cervical and mesenteric lymph nodes, the trachea and the lungs. The pharyngeal wall showed a microscopic tuberculous lesion in one instance, the lungs and tracheobronchlal lymph nodes, occasionally, but the mesenteric lymph nodes most frequently. In exposing guinea pigs to a spray of emulsions of tubercle bacilli during 5 to 10 minutes and again examining the various tissues, Bartel and Neumann (17) found the tracheobronchial lymph nodes most frequently involved although mesenteric and cervical lymph nodes were occasionally affected. Lesions in the tonsils were not present in either the sprayed or exposed animals. The experiments, however, are inconclusive.
Recently, Remlinger (18) confined healthy guinea pigs in the same cage with others having open tuberculous ulcers; 14 per cent of his normal contact animals contracted tuberculosis. Of the normal guinea pigs exposed to infected cage mates that were free from open lesions, 9 per cent developed tuberculosis. Normal guinea pigs confined in cages in which others had recently died of generalized tuberculosis remained well. Of 52 guinea pigs fed for 1 year exclusively on barley soiled with the fecal material of tuberculous guinea pigs, not one developed tuberculosis. Remlinger does not specify the duration of infection in the tuberculous animals at the time feces were obtained nor the quantity of bacilli used in infecting these animals. Sewall and Lurie (19) observed an epizoofic of spontaneous tuberculosis in guinea pigs that had been exposed to polluted air and confined for 7 to 18 months in the laboratory of a sanitorinm for tuberculous patients. The exact pathology of the lesions is not described.
Spontaneous Tuberculosis in Rabbits and Guinea Pigs.
The occurrence of spontaneous tuberculosis in a rabbit or guinea pig in a laboratory where tubercle bacilli are constantly used for experimental purposes m a y be due either to naturally acquired infection or, where non-tuberculous material has been injected into EXPERIMENTAL EPIDEMIOLOGY O1 ~ TUBERCULOSIS the animal, to w o u n d contamination. Several instances of tuberculosis due to w o u n d contamination have developed in our l a b o r a t o r y in the past year. T h e discovery of tubercle bacilli in the lesion at the site of inoculation indicates t h a t the infection has entered t h r o u g h the wound. T h e following instances of spontaneous tuberculosis and tuberculosis due to w o u n d contamination occurred in the general animal room of the H e n r y P h i p p s Institute. I n these instances a diagnosis of tuberculosis was made on the basis of the pathological findings at a u t o p s y and the presence of acid-fast bacilli in smears m a d e from the involved organs. Animal inoculations were n o t made.
Rabbit 1 ~ was injected with horse serum subcutaneously in the back and died 120 days later. Autopsy--At the site of inoculation in the subcutaneous tissue of the back is a small abscess filled with caseous material which contains numerous bacilli with acid-fast characters. The lungs are studded with grey spots 1 mm. in diameter and several caseous nodules from 2 to 4 mm. in diameter are present. In the right upper lobe close to the hilum, there is a thick walled cavity 1.5 cm. in diameter filled with cheesy yellow material. This infection is probably due to wound contamination.
Rabbit 2 was repeatedly injected with crystalline egg albumin. It died 155 days following the first injection. Autopsy--Tuberculous nodules 8 mm. in diameter are present in both upper lobes of the lungs. The hilum lymph nodes are not enlarged. The spleen and liver are slightly enlarged. There is no lesion at the site of inoculation. This is possibly an instance of bronchiogenic spontaneously acquired infection.
Rabbit 3 died 185 days following the injection of horse serum. Autopsy revealed one large caseous nodule in the left lung close to the hilum. There was no other sign of tuberculosis. This is another instance of spontaneously contracted tuberculosis introduced through the respiratory tract.
Guinea Pig 1 was injected with 12 cc. of horse serum and died 116 days later. Autopsy--At the site of inoculation is a caseous nodule 4 mm. in diameter. The omentum is thickened and studded with yellow caseous spots and fibrous tissue. The spleen is from fifteen to twenty times the normal size and is reddish grey in spots with numerous small caseous areas throughout. The liver is much enlarged and contains numerous yellow areas, 8 mm. in diameter. The splenic lymph node is 1.5 cm. in diameter and is caseous on section. The lungs are studded with grey-yellow spots 3 ram. in diameter. This is obviously an infection due to the accidental introduction of tubercle bacilli at the site of the serum injection.
Guinea Pig 2 was injected with .5 cc. of horse serum intravenously and died 135 days later. Autopsy--The submaxillary and deep cervical lymph nodes are en-larged, firm, from 3 to 4 mm. in diameter and on section show caseous material. The hilum lymph nodes measure 4 ram. in diameter, are matted together and filled with cheesy material. The lungs are studded with confluent grey spots. The spleen is six times the normal size and contains numerous large caseous spots. The liver is much enlarged and contains small yellow, necrotic and irregular patches. One iliac lymph node is enlarged and caseous. This was an instance of spontaneous tuberculosis probably introduced through the pharynx, spreading by lymphatic channels and finally reaching the respiratory tract with general dissemination.
AU the animals reported above had been kept in separate cages in the general animal room and tuberculosis was incidentally discovered during the course of experiments not concerned with tuberculosis.
To test the incidence of spontaneous tuberculosis in the general animal room, four cages each containing four guinea pigs were placed in various parts of the animal room. One cage was placed in the northeast corner among rabbits treated with horse serum in the course of other experiments; one among cages containing guinea pigs injected with suspected tuberculous material; another in the southeast comer among a similar group of animals; and a fourth among tuberculous rabbits. Two instances of spontaneous tuberculosis developed in these animals and both were in the group that had been placed among the cages containing tuberculous rabbits.
Guinea Pig 3 lived 132 days after exposure and was killed to obtain serum. Autopsy--The spleen is slightly enlarged and nodular. The liver shows a few yellow spots. In the center of the left lung there is a thick walled cavity containing cheesy necrotic material. A smear taken from the wall of the cavity shows acid-fast organisms. The tracheobronchial lymph nodes measure 2 cm. in diameter, are matted together and are firm. On section they contain caseous materisi There is a complicating adhesive pleurisy and chronic pneumonia of the left lung. The portal of entry of the infection in this instance was the respiratory tract.
Guinea Pig 4 died after 278 days. Autopsy--There is no local lesion. The iliac and lumbar lymph nodes are slightly enlarged. The spleen is five times the normal size, friable and contains several caseous areas. The liver contains a few small patches of yellow necrotic tissue from 2 to 3 ram. in diameter. The lungs are studded throughout with grey-white tubercles, with occasional opaque yellow central spots. The tracheobronchial lymph nodes are large, firm and caseous on section.
T h e portal of entry in both instances was the respiratory tract. I t is apparent that bronchiogenic infection is possible among guinea pigs exposed to tuberculous animals although isolated in separate cages.
Experimental Studies of Spontaneous Tuberculosis in Guinea Pigs.
The following experiments were undertaken to determine how frequently spontaneous tuberculosis occurs under controlled conditions in guinea pigs exposed to tuberculous guinea pigs. Observation was planned to determine: first, the effect of varying the degree of exposure; second, the effect of crowding on the incidence of spontaneous tuberculosis; third, the pathogenesis and pathology of spontaneous tuberculosis acquired by direct exposure to tuberculous animals with "closed" and " o p e n " lesions.
These tests were carried out in a separate animal room in a separate building away from all possible source of outside contamination and exposure other than that introduced directly into the experiment. The room measured 15 × 8 × 10 feet. There was one window 5 × 3 feet. The temperature was kept nearly constant throughout the experiment. At the beginning of August, however, the constant temperature could not be maintained and since deaths from causes other than tuberculosis were numerous, the experiments were brought to a close, 7½ months after their beginning. About 460 guinea pigs were kept under observation. When there was any doubt about the character of the lesions which were found, sections were made and animal inoculations were used to confirm the diagnosis. The diagnosis of every case of spontaneous tuberculosis was confirmed by smears prepared from the organs involved and stained for acid-fast bacilli. Care was exercised to exclude the possibility that guinea pigs had been exposed to tuberculosis prior to their introduction into the experiments. The normal animals were obtained from The Rockefeller Institute for Medical Research at Princeton. The number of normal and infected animals was kept constant throughout the experiments by replacing the pigs as they died. The animals were fed the routine diet of oats, moistened bread and lettuce leaves. The attendant who cared for these guinea pigs was not permitted to handle animals in the general animal room. Workers from the general animal room were excluded and special gowns were worn by those entering the room.
The infecting organism was originally isolated from the lungs of a patient with pulmonary tuberculosis. It had been grown on glycerol agar in this laboratory during 2 years. Glycerol agar transplants 3 weeks old were used in inoculating the guinea pigs. The strain was highly virulent.
The Relation of Spontaneous Tuberculosis to Intensity of Exposure.
The a t t e m p t was made to determine whether spontaneous tuberculosis occurs in guinea pigs exposed to cage mates infected intra-p e r i t o n e a l l y w i t h v i r u l e n t t u b e r c l e bacilli; to d e t e r m i n e the relation of incidence to i n t e n s i t y of e x p o s u r e a n d to c o m p a r e this w i t h incidence of s p o n t a n e o u s tuberculosis in g u i n e a pigs exposed to g u i n e a pigs w i t h o p e n t u b e r c u l o u s lesions. Experiment 1.--60 guinea pigs of the same weight and age were divided into five series of twelve each and placed in five large cages arranged in vertical series. Each cage measured 39 inches long by 13 inches high by 14 inches deep. The top and bottom cages held twelve normal control pigs. In Cage 2, three animals were infected with .001 mg. Y-15-B, a virulent culture of human tubercle bacilli; nine were normal cage mates. In Cage 3, six were infected and six were normal. In Cage 4, nine were infected and three were normal. The number of infected and normal animals was kept constant by continual replacement as the deaths occurred. After the first replacement, .00001 rag. injected intraperitoneally was used to infect the guinea pigs. The average life of a guinea pig injected with .001 rag. intraperitoneally was from 6 to 8 weeks, with .00001 rag. from 2 to 3 months. In some cages, as many as five successive replacements of infected animals were necessary. In infecting the animals, intraperitoneally, every precaution was taken to avoid contamination of the subcutaneous tissue of the skin so that in no instance did an open lesion develop. All animals were killed at the end of 7½ months.
Results.
In the control cages, there were no instances of spontaneous infection.
Cage 2.--There was one instance of spontaneous tuberculosis. Guinea Pig 4 was killed after 225 days. Autopsy--A mesenteric lymph node is slightly enlarged and contains a few yellow caseous spots. The spleen is three times the normal size. The liver contains a few yellow spots. Guinea Pig 5 died after 127 days. Autopsy--The mesenteric lymph node measures .5 cm., is firm and on section presents several very small caseous areas. The spleen is four times the normal size and is nodular with one or two yellowgrey caseous spots.
Guinea Pig 6 was killed after 225 days. Autopsy--A mesenteric lymph node measuring .5 cm. in diameter is very firm and fibrous and on section there are within its substance a few small caseous spots. The spleen is five times the normal size, studded with greyish spots, 2 mm. in diameter. The liver shows a few yellow a r e a s .
The incidence of spontaneous tuberculosis in this cage was 66 per cent of the original three animals, but 100 per cent of those that survived the experimental period acquired tuberculosis.
From this experiment, it is obvious that spontaneous tuberculosis occurs among guinea pigs directly exposed to cage mates infected intraperitoneally with human virulent tubercle bacilli. Of a total of thirteen normal animals which survived the entire period of the experiment and which were directly exposed to animals infected intraperitoneally with human virulent tubercle bacilli, 22 per cent acquired tuberculosis. The portal of entry in all of these instances was the intestinal tract and the mesenteric lymph nodes. The greatest incidence occurred in the cage where the intensity of the exposure was greatest. A greater number of instances of spontaneous tuberculosis would doubtless have occurred had the experiment continued longer, since infection occurred in most instances in this and the following experiments in animals exposed to infection during the entire experimental period.
The source of infection in this experiment was prct-bly through fecal contamination of the food. Careful studies we,~ made in attempting to estimate the quantify of virulent tubercle bacilli eliminated in the excreta of infected guinea pigs. The results of these studies will be reported in a separate paper. It was found that guinea pigs infected intraperitoneally as well as subcutaneously eject viable tubercle bacilli in their feces during the last few weeks of their lives. In some instances animals injected intraperitoneally eliminated tubercle bacilli during the 1st week of the infection. When it is considered that during the period when tubercle bacilli appear in the feces, approximately one-sixtieth the quantity of feces excreted by one infected guinea pig during 24 hours is capable of producing tuberculosis when injected subcutaneously into a guinea pig, a rough estimate of the quantity of infected material to which the normal guinea pigs were exposed may be obtained. Although the cages were cleaned three times a week, there was a constant source of contamination present from the feces. Experiment 2.--Five small cages, each 14 × 17 X 14 inches were arranged in vertical series and thirty guinea pigs divided into five groups of six were placed in the cages. The top and bottom cages each held six normal guinea pigs. In Cage 2 were four normal guinea pigs with two cage mates infected subcutaneously with .01 nag. of P-15-B, the same virulent human strain used in the previous experiment. In Cage 3, three normal and three infected animals were placed; in Cage 4, two normal and four infected. With the quantity of bacilli used local abscess formation with ulceration occurred in many cases during a period from the 2nd to about the 5th week. Very frequently no ulceration resulted. As the infected animals died, they were replaced by other infected guinea pigs. In many instances, replacements were made four times in the course of the experiment. At the end of 7} months the experiment was brought to a close as in the first experiment. The animals were kept in the same isolated animal room as those of Experiment 1.
No instances of acquired infection occurred in the control cages. In Cage 2, there were two instances of spontaneous tuberculosis. Guinea Pig 7 died after 222 days. Autopsy--A mesenteric lymph node is 1 cm. in diameter, dense and caseous on section. There are a few yellow spots on the serosal surface of the ileum but no definite ulcerations in the intestinal tract. The spleen is three times the normal size, red, with scattered greyish spots. The liver is much enlarged. The right lobe contains several large areas from 3 to 8 mm. in width, which are yellow and caseous on section.
Guinea Pig 8 was killed after 226 days. Autopsy--A fibrous mesenteric lymph node measures .5 cm. in diameter. The spleen is nodular and three times the normal size. On its surface are a few greyish caseous spots. The liver shows a few minute yellow spots.
Of four normal animals, two or 50 per cent acquired tuberculosis. All four animals had survived about the same length of time. In Cages 4 and 5 there were no instances of spontaneous infection. In this experiment, of the eight normal guinea pigs originally placed in the cages which were directly exposed to animals with open lesions during 7 months, three or 38 per cent developed tuberculosis. One died of an acquired tuberculosis 117 days after the beginning of the experiment.
I n contrast with the first experiment, the incidence in the second experiment is higher. According to R 6 m e r (20) every guinea pig directly exposed during 1 year to infected cage mates with open ulcerations acquires tuberculosis. I n his classic experiments on reinfection, his pigs were infected with 5 rag. of bovine tubercle bacilli injected subcutaneously into b o t h thighs.
T h e infecting dose was enormous and the resultant ulcers consequently offered a b u n d a n t opportunity for infection to normal cage mates. In our experiment much smaller infecting doses were used and ulcerations were obtained in considerably less than half of the instances. The tendency of guinea pigs to lick the open ulcerations of their cage mates is, of course, an obvious means of transmission of the infection.
The pathogenesis of spontaneous tuberculosis acquired by guinea pigs exposed directly to cage mates having open ulcerations is clear.
I t is noteworthy that infection via the intestinal tract with involvement of the mesenteric lymph nodes not infrequently is accompanied by massive infection of the submental and cervical lymph nodes. This association of the mesenteric and cervical lymph node tuberculosis is significant and is probably analogous to childhood bovine tuberculosis in which these lymphatic structures are primarily involved. Massive involvement of cervical lymph nodes was observed in instances of spontaneous tuberculosis incidentally reported in RSmer's work.
The Effect of Crowding on the Incidence of Spontaneous Tuberculosis in Guinea Pigs.
The attempt was made to determine the relation of incidence to crowding b y increasing the number of normal animals exposed and keeping the source of infection constant. Experiment 3.--Four large cages, 40 X 14 X 17 inches, were arranged in vertical series in the animal room containing the other experimental cages. In Cage 1 were placed twelve guinea pigs, six normal and six infected intraperitoneally with .001 mg. of a 3 week glycerol agar culture of a virulent human strain of tubercle bacilli, P-15-B, the same strain used in the other experiments. In the later period of the experiment, infected animals which died were replaced by others in which .00001 mg. was used as the infecting dose. The average duration of life with .001 rag. was 6 weeks; with .00001 mg., 2 or 3 months; with .000001 mg., 3 or 4 months. In Cage 2, were placed eighteen guinea pigs, six infected with twelve normal cage mates. In Cage 3 were twenty-four guinea pigs, six infected with eighteen normal cage mates. In the lowermost cage were thirty guinea pigs; six were infected and twenty-four were normal. The control cages of Experiment 1 served as controls for this experiment as well. The cage used in the present experiment houses twelve pigs without evident crowding. The duration of the experiment was 7 months.
Results.
Cage /.--There were no instances of spontaneous tuberculosis; four of the original six animals survived during the entire experimental period.
Cage 2.--There were two instances of spontaneous tuberculosis.
Guinea Pig 10 was killed after 210 days. Autopsy--A mesenteric lymph node 1 cm. in diameter is densely fibrous. The spleen is four times the normal size and contains numerous greyish pink spots slightly elevated above the surface, the spots varying from 1 to 3 ram. in diameter.
Guinea Pig 11 at the end of 94 days of exposure gave birth to one animal. It was removed from the cage during the remainder of the experiment and placed in a separate cage with its offspring. 68 days later, it again gave birth to a litter of three. It died after 192 days. Autopsy--A mesenteric node is much enlarged measuring 1.5 cm., is firm On section and contains two small caseous spots. The spleen is five times the normal size; it has a granular surface and contains numerous caseous spots. The liver is slightly enlarged and shows a few scattered small necrotic areas.
Of the t w e l v e n o r m a l g u i n e a p i g s o r i g i n a l l y p l a c e d in the cage, seven s u r v i v e d d u r i n g the e n t i r e e x p e r i m e n t a l period. T h e incidence of s p o n t a n e o u s t u b e r c u l o s i s was 29 p e r cent. T h e t o t a l n u m b e r of a n i m a l s u s e d in this cage was f o r t y -s e v e n .
Cage 3.---Of eighteen normal animals originally included in the experiment, twelve survived during the entire period and nine developed spontaneous tuberculosis. In this cage, however, two animals both tuberculous were found partly eaten after death. These animals died 4 months after the beginning of the experiment.
Guinea Pig 13 was killed after 212 days. Autopsy--The mesenteric nodes are enormously enlarged, matted together in a mass 2 cm. long by 1 cm. in diameter, densely fibrous and contain a few areas of caseation. The spleen is three times the normal size; its surface is granular with minute, fibrous, grey-white spots. The liver shows a few small yellow spots. The submental node on the right and the deep cervical node on both sides measure 8 mm. in diameter. They are firm, fibrous and contain minute caseous areas.
Guinea Pig 14 died after 152 days. Autopsy--The peritoneum is coated with a thick greenish white fibrinopurulent exudate. The spleen and liver are coated with exudate but otherwise normal. Buried among the adhesions in the mesentery is a large firm lymph node 1.5 cm. by 1 cm. which cuts with difficulty and on section shows two areas, 3 and 6 mm. in diameter, of caseous material. There is no other evidence of tuberculosis in the body. There is, however, chronic purulent pleurisy and pneumonia and chronic pericarditis.
Guinea Pig 15 was killed after 212 days. Autopsy--The mesenteric nodes are matted together in a mass 2 cm. in diameter. On section the mass is yellowish in EXPERIMENTAL EPIDEMIOLOGY O1~ TUBERCULOSIS color and densely fibrous. The spleen is three times the normal size and is nodular. There are one or two yellow spots in the liver.
Guinea Pig 16 was killed after 212 days. The mesenteric nodes are matted together in a mass 2 cm. in diameter. On section the mass is yellowish in color and densely fibrous. The spleen is three times the normal size and is nodular. There are one or two yellow spots in the liver.
Guinea Pig 17 died after 132 days. Autopsy--Almost the entire mesentery is occupied by a large mass 1.5 cm. in diameter, irregular in shape and moderately firm. On section it contains a large area of caseation which is readily removed leaving a thick walled cavity. There is a mass of caseous nodes about 1 cm. in diameter in the region of the upper end of the jejunum and another in the region of the cecum. The spleen is slightly enlarged and is nodular.
Guinea Pig 18 died after 197 days. Autopsy--The mesenteric lymph nodes are matted together in a firm mass measuring 1.5 cm. in diameter, and containing a few caseous spots. In the ileum are four or five deep ulcers each measuring 3 ram. in diameter. The floor of the craters is necrotic. The surrounding tissue is deeply congested. The spleen is nodular and measures four times the normal size. The liver contains numerous yellow spots. The lungs contain scattered grey spots measuring from 1 to 3 mm. in diameter with caseous centers. The hilum nodes are slightly enlarged and contain a few caseous spots. A smear taken from the floor of the ulcer contains acid-fast organisms.
Guinea Pig 19 died after 121 days. Autopsy--The mesenteric nodes are matted together in a firm mass 1.5 cm. in diameter and on section contain several small areas of caseation surrounded by dense fibrous tissue. The spleen is four times the normal size and nodular. The liver contains numerous yellow spots. The iliac, lumbar and hepatic nodes are slightly enlarged and contain minute caseous spots. The ileum contains on its mucosal surface several raised hemorrhagic circular ragged ulcers 4 mm. in diameter which extend to the serosa. On the serosal surface directly over the ulcers are small caseous spots 1 mm. in diameter. The lungs contain scattered grey spots 1 ram. in diameter. Both submental nodes measure 1.5 cm. in diameter, are firm, dense, cut with difficulty and on section contain several caseous areas in their centers. The deep cervical nodes are slightly enlarged.
Guinea Pig 20 died after 139 days. Autopsy--Two mesenteric nodes are much enlarged and contain on section small areas of caseation. The liver contains numerous yellow spots. The spleen is slightly enlarged; its surface is granular. The lungs contain scattered grey spots. I n Cage 3, t h e r e were nine i n s t a n c e s of s p o n t a n e o u s tuberculosis. T h e p o r t a l of e n t r y in all of these was a p p a r e n t l y the i n t e s t i n a l route. Several showed i n v o l v e m e n t of the cervical l y m p h nodes. T w o h a d t u b e r c u l o u s ulcerations in the ileum, which is a m o s t u n u s u a l finding in e x p e r i m e n t a l tuberculosis. Of the twelve n o r m a l a n i m a l s t h a t survived the experimental period, seven developed tuberculosis. About 60 per cent of the normal guinea pigs which were originally placed in the cage and which survived the experimental period, developed tuberculosis. One guinea pig developed a fatal tuberculosis within 121 days.
Cage 4.--There were four instances of spontaneous tuberculosis in this cage.
Of twenty-four normal animals originally placed in the cage, only eleven survived the experimental period.
Guinea Pig 21 died after 80 days. Autopsy--There is a disseminated tuber-. culosis involving the omentum, liver, spleen and lungs. The hilum nodes are matted together in a large firm mass measuring 1.7 cm. in diameter and on section contain areas of caseation surrounded by dense fibrous tissue. All other nodes appear to be normal. The portal of entry in this instance was probably the respiratory tract.
Guinea Pig 22 was killed after 212 days. A mesenteric node measuring .5 cm. in diameter is dense and on section entirely fibrous. The spleen is three times the normal size and is nodular with minute caseous spots. In all probability the mesenteric lesion had healed.
Guinea Pig 23 was killed after 212 days. Autopsy--A mesenteric node measuring 6 mm. in diameter is densely fibrous on section. The spleen is four times the normal size, is nodular and contains two or three small yellowish spots. The liver contains a single yellow area 2 mm. in diameter. The left submental node measures 4 mm. in diameter and is firm and fibrous on section.
Guinea Pig 24 was killed after 149 days. Two mesenteric lymph nodes are enlarged, each measuring 4 ram. in diameter. On section, they are fibrous and contain one or two minute areas of caseation. The spleen is three times the normal size; its surface is granular and it contains throughout numerous minute grey-white spots. The liver contains two yellow spots, 2 ram. in diameter.
About 36 per cent of the normal animals surviving the experimental period developed spontaneous tuberculosis. In this cage, in three of the four animals that developed tuberculosis, the digestive tract was the portal of entry, but in one instance the infection was possibly bronchiogenic.
44 per cent of the normal animals originally placed in the cages in this experiment developed spontaneous tuberculosis. The results are indicated in Table I . As m a y be gathered from the table the greatest incidence did not occur in the most crowded cage. Crowding, however, is doubtless a factor in the spread of spontaneous tuberculosis. If in any group of confined guinea pigs exposed to a given intensity of infection a definite percentage acquire spontaneous tuberculosis, a greater number of instances will appear in the larger groups of animals. This increase in the number of infected animals in the cage results in an increase in the intensity of exposure for other members of the group.
The experimental period, however, was too short to determine any definite relation between crowding and the incidence of spontaneous infection. Although the total incidence of spontaneous disease in this series is greater than the incidence in the other series where crowding was not a factor, the conditions, notably the intensity of the infection, present in the various cages were different. No definite conclusions, therefore, of the effect of crowding on the incidence of spontaneous tuberculosis can be gathered from this experiment.
D I S C U S S I O N .
In the tests as carried out the animals had abundant opportunity for infection. The number of infected animals was kept constant and in all 204 infected animals were observed. At first, an effort was made to replace the tuberculous animals by others that had been infected during an equal time. As the number of deaths increased this, however, was found to be impossible. A careful study of the elimination of tubercle bacilli in the feces has been made in order to obtain some estimate of the degree of exposure from this source (20) . Some animals infected intraperitoneally discharge tubercle bacilli during the 1st week and there is a considerable elimination of tubercle bacilli during the last few weeks of life when a general dissemination of the tuberculosis occurs. A suspension made from one fecal bolus passed by a guinea pig during the period when it eliminates tubercle bacilli is sufficient to produce tuberculosis within 3 months after injection into a healthy pig. Since the average number of such fecal masses passed during 24 hours is 60, a rough estimate of the degree of cage infectivity may be obtained. Nevertheless, in guinea pigs, variation of individual resistance to experimental tuberculosis is considerably greater than is generally supposed. Among very many animals injected in the course of the present study, it has been noted that guinea pigs of the same weight, age and from the same source, inoculated either subcutaneously or intraperitoneally with a fixed quantity of tubercle bacilli taken from the same culture have survived from 6 weeks to 8 months. Those dying after a short period have presented an acute disseminated tuberculosis; those surviving many months, a more chronic fibrotic disease accompanied in two instances with cavitation in the lungs. This individual variation in the span of life and the type of disease has doubtless been accompanied by individual variations in the degree of fecal elimination of tubercle bacilli.
With virulent tubercle bacilli contaminating the food of the normal cage mates, it is readily understood why the intestinal and mesenteric route of infection is so constantly present in instances of spontaneous tuberculosis. In several instances of spontaneous tuberculosis, the lesions were limited to the mesenteric lymph node and to the spleen or to the mesenteric lymph node only. The association in many instances of disease of the cervical as well as of the mesenteric lymph nodes is significant and recalls the bovine tuberculosis of childhood. In a large series of tuberculous guinea pigs injected intraperitoneally, the mesenteric lymph nodes with general dissemination were involved in 8 per cent. In no one instance was the mesenteric lesion particularly prominent. The cervical lymph nodes are even more rarely involved in an experimentally produced disseminated tuberculosis. Although tonsillar tuberculosis and secondary cervical lymphatic tuberculosis is often found in swine exposed to the feces of tuberculous cattle, I was unable to observe any gross manifestation of involvement of the tonsils in guinea pigs with spontaneous. tuberculosis. In studying the route of spontaneously acquired tuberculosis in a small series of guinea pigs exposed to patients suffering with pulmonary tuberculosi's, Bartel and Spieler (16) report one instance of a microscopic tuberculous lesion in the pharyngeal wall, but none in the tonsils.
In those instances in which the normal cage mates were exposed to animals with open ulcerative lesions, the type of infection was the same as in instances in which the source of infection was from the feces only. It is probable that if the ulcerations are large enough and the exposure long enough as in the experiments of ROmer, 100 per cent of exposed animals will acquire spontaneous tuberculosis.
In only one instance of spontaneous infection among the guinea pigs directly exposed to infected cage mates were the lungs and the tracheobronchial nodes involved with sufficient prominence to indicate that the source of infection was bronchiogenic. The bronchiogenic type of infection is occasionally seen in guinea pigs kept in separate cages but exposed to tuberculous animals in the same animal room. The disease in these instances is comparable to the tuberculosis of the lungs and the hilum lymph nodes in childhood.
The experiments and instances reported in this paper show that spontaneous tuberculosis in guinea pigs is a readily contracted disease. Guinea pigs kept in separate cages in a room with tuberculous animals for a period of more than 3 months should not be used for experimental purposes. If guinea pigs in which suspected material has been injected for diagnostic purposes are killed or die after a period of more than 3 months and tuberculous lesions are found, ` it is possible that the tuberculous infection was spontaneously contracted. It may be difficult to determine an instance of tuberculosis in a guinea pig as spontaneously acquired, or experimentally initiated if the local lesion at the site of inoculation has healed.
In spontaneous tuberculosis in guinea pigs there is a prominent involvement of either the mesenteric or the cervical lymph nodes or both, secondary to disease of the digestive tract; or of the lungs and hilum nodes. In my experiments, the portal of entry has been more frequently the intestinal tract. In two instances intestinal ulcers were found in the ileum. These were macroscopic in size. In every instance of spontaneous infection, the intestinal tract in its entire length was carefully examined but it is possible that ingtances of small ulcerations were overlooked. Further, it is not unlikely that intestinal lesions heal in the course of the infection and are therefore not found at autopsy.
The mesenteric nodes are massively involved and lesions occur in the spleen and liver. The lesions in the spleen are apt to progress more slowly and with considerable fibrosis. Occasionally, the mesenter/c lesion may so completely heal that an entire lymph node may become fibrous and lesions wh/ch appear in the spleen may be mild and of a chronic type. It is possible that this type of spontaneously acquired disease may go on to complete healing. Not infrequently a mesenteric node was found entirely fibrous and yellowish white, with no other evidence of disease elsewhere in the body. Tuberculin tests during life occasionally showed mild reactions, yet at autopsy, no ev/dence of disease other than a fibrotic node was found. Such instances were, of course, not included in our series as there was no evidence of the presence of tubercle bacilli either by culture or by animal inoculation. Healed lesions probably occur in guinea pigs exposed to tuberculous infection.
CONCLUSIONS.
1. Normal guinea pigs exposed to tuberculous cage mates infected intraperitoneally and with no cutaneous ulceration readily contract spontaneous tuberculosis.
2. The incidence of spontaneous tuberculosis increases with the intensity and with the duration of exposure.
3. Spontaneous tuberculosis acquired from infected cage mates has with few exceptions the characters of an infection which has entered by way of the digestive tract, disease of mesenteric and cervical lymph nodes being conspicuous.
4. Guinea pigs exposed to tuberculous animals in the same room but not in the same cage may acquire tuberculosis which has the characters of a bronchiogenic infection associated with lesions of the lungs and tracheobronchial lymph nodes.
